Problem: Fifty million people worldwide have epilepsy of whom 33 million are children. Children and adolescents with epilepsy are known to have high rates of behaviour problems and psychiatric co-morbidity. No studies on this topic have been conducted in developing countries, although 90% of such children live in the developing world. Methods: The current study, set in Vellore in India, assessed the prevalence of psychopathology and its associations in children and adolescents with seizure disorder. One hundred and thirty two children were rated for psychopathology on the Child Behaviours Check List, and those who qualified as psychiatric cases were compared with those who did not. Results: Seizure disorder was associated with significant psychopathology in 53.8% children. Belonging to a higher income group and living in an urban area (OR: 7.61, 95% CI: 2.78-20.8, p = 0.0001), having longer than 3 years of illness (OR: 2.39, 95% CI: 2.18-5.67, p = 0.03) and being treated by more than one anti-epileptic drug (OR: 3.08, 95% CI: 1.09-8.72, p = 0.03) independently predicted psychopathology. Conclusions: Psychopathology reflected a complex interaction of seizures, sociodemographic factors and treatment related variables, in accord with studies in industrialised countries. Clinicians should be sensitive to identifying psychopathology since this may lead to effective interventions for this group of children.
Introduction
Fifty million people have epilepsy worldwide of whom thirty three million are children. 1, 2 Epilepsy is commonly associated with behavioural changes 3 and is the single largest neurological problem facing developing countries today. In the Isle of Wight study, Rutter et al. 4 found a high prevalence of psychopathology in children with seizures, even when they did not have any additional central nervous system damage. This finding was replicated in other, later studies. [5] [6] [7] Children with epilepsy are almost five times more likely to have psychiatric problems than the general population. 8 Risk factors for development of psychopathology may be biological, e.g. seizure and treatment related, as well as psychosocial. The most consistent finding has been the association of higher frequency of seizures with greater degrees of psychopathology. 5, 6, 9 Drug treatment and its associated effects have been implicated by some studies. 10 Psychosocial factors have also been found to be important, notably family stress and socio-economic status, 11 poor motherchild interactions 12 and fewer family resources. 5 Central nervous system damage and low intelligence pose added risks. 13 Interactions of psychosocial and biological variables can have additional effects. Most of the studies done in developing countries were not designed to examine which risk factors were associated with psychopathology.
14 Furthermore, very few studies have used multivariate techniques to attempt to establish the relative importance of the various types of variables, i.e. demographic, seizure related and treatment related variables. 5 The current study was undertaken to investigate which factors contribute most to psychopathology in children with epilepsy in a developing country.
Methods

Inclusion criteria
Every consecutive child/adolescent attending the Epilepsy Clinic or the Child Health OPD in Vellore, India and diagnosed to have seizure disorder was screened for possible inclusion in the study. Inclusion criteria for the study were as follows: Study entry was offered exclusively to children (aged 4-15 years) with epilepsy (defined as recurrent unprovoked seizures) who did not have other significant comorbid medical/neurological conditions. Only children without intellectual disability were included in the study; the Bharatraj Development Screening Test 1971 15 for intellectual disability (a modification of the Denver Development Schedule) was used to screen the children.
Procedure
The sample for the current study consisted of 132 children and adolescents, along with their parent or primary caregiver, who fulfilled the entry criteria. Once children met criteria for the study, parents and children were approached and asked for informed consent. Self-report questionnaires were completed by the caregivers, but since some of the caregivers were illiterate, the questions were read out by the interviewer (S.S.D.). The primary care giver consisted of the mother in 85% of cases. For the rest, the primary caregiver was the grandmother or elder sister. For only two children, the father was the informant.
Sample
Socio-demographic profile The Child-Health and Epilepsy clinics serve the large catchment of Vellore District and patients come from the nearby towns and villages. The mean age of the subjects participating in the study was 11.03 AE 3.65 years and the children had completed an average of 5.9 AE 3.34 years of formal education. The range of family income (Rs per month) was very wide: from as low as Rs 400 to 30,000 per month (Table 1) .
Seizure related variables
The children recruited for the study were diagnosed cases of seizure disorder. The mean duration since the diagnosis of seizure disorder was 4.38 AE 3.94 years. The duration of seizure disorder also had a wide range and was divided into two groups, above and below the median duration of 3 years, for statistical analysis. The serum concentrations of anti-epileptic drugs were grouped according to being in or below the therapeutic ranges. Fifty-five (41.6%) had 'adequate' serum concentrations and 62 (46.9%) had sub-therapeutic serum concentrations. We cannot report a current serum concentration for 15 (11.3%) children as they did not consent to give a blood sample. The therapeutic range used for this classification was as follows: phenytoin 10-20 mg/ml; phenobarbitone 20-40 mg/ml; valproate 50-150 mg/ml; carbamazepine 4-12 mg/ml.
16,17
Assessments
Assessment of socio-demographic status Socio-demographic assessment was done using a specially designed proforma. This included baseline demographic data and other factors such as family type and health services utilisation, which had been found to be significantly related to psychopathology in earlier studies.
Screening for intellectual disability
The Bharatraj Development Screening Test was used to exclude intellectual disability. 15 The Bharataraj Development Screening Test has been standardised for the Indian population. It is a screening instrument, which permits exclusion of mental retardation and is especially suitable for children with psychiatric problems as it is an observer-rated instrument and has no performance items. In children with epilepsy, where the prevalence of hyperactivity and decreased attention span is high, performance tests will have high a rate of false positive detection of developmental delay or intellectual disability. The administration of this instrument can be completed in 10 minutes.
Assessment of family environment
Family environment was assessed by the Global Family Environment Scale 18 to obtain a gross estimate of the family environment. This instrument rates the family environment on a zero to one hundred scale. The lowest or worst family environment that persisted for a substantial period of time (at least 12 months) is rated. This worst environment should have had an onset before 12 years of age. The cut off point of 12 years was chosen as it is thought that family environment during adolescence has fewer long term effects than that which prevails during infancy and childhood. Ratings are based as much as possible on objective, positive evidence and not on inference or speculation. Raters seek to use all the information available from all sources to make the rating. Quality of the environment is rated irrespective of opinions as to who or what might have been reason for that environment. The lower the score, the more hostile the family environment. This instrument has been standardised across multiple continents, including south-Asia. 18 Assessment of seizures and treatment related variables Seizure type, frequency and severity were quantified with a semi-structured proforma. Frequencies of all types of seizures were recorded independently. For uniformity, the seizure frequency of different types of seizures was dichotomised according to internationally accepted guidelines. 19 A 'low-frequency' score was given for the following frequency of seizures in the previous 12 months: 1-20 simple partial seizures; 1-4 complex partial seizures; 1 generalised tonic clonic seizure; 1-20 absence or myoclonic seizures. A 'high-frequency' score was given to the following frequency of seizures in the previous 12 months: more than 20 simple partial seizures; more than 4 complex partial seizures; more than 1 generalised tonic clonic seizure; more than 20 absence or myoclonic seizures. Seizures were classified according to the International League Against Epilepsy classification system. 20 Digital electroencephalographic records were taken to confirm type, laterality and focal versus generalized seizure. Qualified neurologists interpreted the EEG tracing (S.K. and C.G.). Digital electroencephalographic records were taken with Telefacta (Model number JC15W1VMA). HPLC Assay technique (ultraviolet detection) was used to estimate the trough plasma concentration of anti-epileptic drugs (S.C.).
Assessment of psychopathology
Assessment of psychopathology and behaviour problems was done using the informant's ratings on the Child Behaviour Checklist (CBCL). 21 The CBCL consists of 118 behaviour problem items on which the parents rate their children using a 3-point scale, with higher scores reflecting more problems. The CBCL assesses' broad band behaviour problems' (externalising and internalising behaviour problems) and narrow band behaviour problems' (attention problems, aggressive behaviour, delinquent behaviour, somatic complaints, anxiety/depression domain, thought problems and social problems). Previous research has shown the CBCL to be useful for assessing psychopathology in children with epilepsy 5, 22 and it has been standardised for the Indian population by the National Institute of Mental Health and Neurosciences, Bangalore under the ICMR Task Force Epidemiological study on child and adolescent psychiatric disorders in urban and rural areas. The cut-off score for significant psychopathology on the CBCL for Indian children has been previously established, based on a large scale epidemiological study. 23 
Statistical analyses
Presence of significant psychopathology in this group of children was based on the predetermined standardised cut off score on the CBCL for Indian children. 23 The thresholds for qualifying for a case in the age group of 4-11 years age group are 21 and 16 for males and females, respectively. For the age group between 12 years and 16 years the cut-offs are 18 and 13 for males and females, respectively. 23 Psychiatric cases (as opposed to a dimensional model) was chosen for the analysis as the former has more clinical significance since it is likely to determine the threshold for interventions. No cutoffs have been reported to date for individual subscales of the CBCL for the Indian population and thus these were not included in the current analysis.
Univariate analysis was done to detect the differences between cases and non-cases on the CBCL total score. For continuous variables the Student's ttest was used and for categorical variables x 2 tests were used. The variables that differed significantly in the univariate analysis were used for multivariate analysis, using conditional logistic regression. With the psychiatric status as the dependent variable, odds ratios for protective and risk factors were calculated with 95% confidence interval. Prior to doing logistic regression, it was established that none of the assumptions of logistic regression were violated by this particular data set.
The statistical software SPSS for Windows Release 9.0 (SPSS Inc 1995) was employed for the analysis of the data.
Results
Of the 132 children included in this study, 71 (53%) qualified as a psychiatric case on the CBCL.
Univariate analysis
The range of family income (Rs per month) was very wide, from as low as Rs 400 to 30,000 per month. Based on the median (Rs 2500 per month) of the total family income of the entire sample, the families of the children were divided into two groups of higher and lower income. Similarly the duration of the diagnosis of seizure disorder had a wide standard deviation (mean 4.38 AE 3.94 years). The median duration since the diagnosis of seizure disorder was 3 years. Thus, the study sample was divided into two groups: children with less than 3 years duration of seizure disorder and children with a longer duration of illness ( Table 2) .
Univariate analysis was done to compare children with epilepsy who had psychopathology with children who had epilepsy without psychopathology. The children with epilepsy and psychopathology were more likely to have an urban domicile (x 2 = 9.83, p = 0.001), to belong to the higher income group (x 2 = 10.14, p = 0.001), to have longer than 3 years of seizure disorder (x 2 = 4.56, p = 0.03) and to be on polytherapy (x 2 = 8.9, p = 0.01). Their gender (x 2 = 1.63, p = 0.2), type of seizure (x 2 = 2.4, p = 0.3) and EEG status (x 2 = 1.3, p = 0.42) did not differ significantly between the two groups. Between the two groups the total score on Global Family Environment Scale did not differ significantly (t = 0.11, p = 0.91). There was a strong association of domicile and total family income (x 2 = 18.72, p = 0.00002). This is understandable, as the urban areas in India are relatively economically affluent.
Multivariate analysis to calculate predictors of psychopathology
Multivariate analysis was done using logistic regression. The variables which were significant at p < 0.05 level in the univariate analysis were included in the equation as independent variables and with psychopathology as the dependant variable. Given the strength of association between domicile and total family income, a composite variable, which included the income and domicile was created. This new variable named socio-demographic group was coded as 0-3 (lower income group and rural: 0; lower income group and urban: 1; higher income group and rural: 2; higher income group and urban: 3). This variable was included in the multivariate conditional regression model to reduce the effects of co-linearity and interaction (Table 3) .
In the final equation, longer duration of illness (OR: 2.39, 95% CI: 2.18-5.67, p < 0.03), treatment with more than one anti-epileptic drug (OR: 3.08, 95% CI: 1.09-8.72, p < 0.03) and 'socio-demo-graphic group', i.e. belonging to the higher economic group and having urban domicile (OR: 7.61, 95% CI: 2.78-20.8, p < 0.0001) were strong predictors of psychopathology in children with epilepsy.
Discussion
This study of children with epilepsy compared children with psychopathology against those without psychopathology. It also tried to elucidate factors associated with psychopathology in children with epilepsy in a developing country setting including the contribution of psychosocial factors, medication factors and neurological dysfunction.
The prevalence of psychiatric cases, according to total psychopathology scores as assessed by the Childhood Behaviour Checklist, 21 among children with seizure disorder was 53.8%. This is higher than most other prevalence studies to date, although 194 S.S. Datta et al. 4 the researchers found a prevalence of 28.6% for behavioural problems and psychopathology among children with uncomplicated epilepsy. The rate was 58.3% for those with associated CNS damage. Hoare 6 reported psychiatric disturbance in 48% of children with epilepsy. The current study assessed psychopathology dimensions, instead of a clinical diagnosis, as it would have been difficult to categorise a child into a psychiatric syndrome on the basis of single clinical interview.
The relatively high rate of psychopathology in the present study may also reflect the fact that the children were recruited at a tertiary referral centre.
These findings augment evidence from previous studies with regard to factors related to psychopathology in children with epilepsy. The most novel finding was that children in a developing country from higher income urban areas have more psychopathology. Another interesting finding was that the family environment was not found to contribute to psychopathology in children with epilepsy. Other studies have found that psychosocial factors can contribute above and beyond epilepsy-related variables and child characteristics. 24, 25 The current study also found that having a diagnosis of seizure disorder for over 3 years and usage of more than one anti-epileptic drug were significant predictors of psychopathology.
The association of psychopathology in seizure disorder with higher socio-economic class does not accord with studies done in developed countries. For example, Hoare and Kerley 11 reported lower socio-economic status to be associated with more behaviour problems in this group of children. However, lower socio-economic class in rural India is very different from economically deprived classes in developed countries, who may well experience lesser levels of social support. In India, by contrast, with rapidly changing social and family structures and the break-up of the traditional joint family system, many relatively upper class families are under significant stress coping with change. At the same time, agrarian families in relatively lower economic classes continue to experience, in spite of financial difficulties, social support from the extended family and neighbours. Second, more education, knowledge and awareness about childhood health and emotional problems coupled with fading of traditional beliefs about karma, etc. may make upper socio-economic class families less accepting of illness in their child. Therefore, these factors may equate to findings in developed countries where increased familial stress and less social support have been reported as risk factors. 5 Decreased autonomy and confidence have also been shown to be important in the development of psychopathology in the child with seizure disorder, 26 which may link to these social and geographic findings in the present study.
Epilepsy has been recognised as a cause of progressive behaviour changes 26 and the developmental trajectory of behaviour problems and psychopathology is likely to be shaped by the interaction of many social, psychological and biological factors. As with many other disorders, the exposure to these risk factors must occur during a critical period or be present for a significant length of time. The longer the exposure to the risk factors, the greater will be the chance of developing the disorder, and it is unsurprising to note this study's association of psychopathology with length of time since diagnosis.
In some of the earlier studies, poly-pharmacy has been associated with behaviour problems. 27, 28 The association should be viewed with caution; more difficult children, with a more resistant seizure disorder may need more drugs. It may not be that the higher number of drugs per se is causing additional problems. But the possibility that multiple medications, especially when prescribed inappropriately, may cause more psychiatric and behavioural problem should not be discarded completely, particularly when there may be biological explanations for the association of psychiatric caseness with poly-therapy. Since many of the antiepileptic drugs are metabolised by similar hepatic microsomal systems and act through the same neurotransmitters that possibly cause various psychiatric disturbances, disruption of the biochemical ecology with poly-therapy could be playing a role in the emergence of behavioural symptoms. Antiepileptic drugs also might be having additive effects, even at therapeutic concentrations, causing behavioural problems. This study had a cross-sectional design comparing children and adolescents with seizure disorder who constituted a psychiatric case with those who did not. Subjects were recruited from the clinics of a tertiary care referral centre and the sample may not be representative of the community since it is possible that patients who were difficult to manage in the community and by general practitioners were over represented in the study population. Although originally most of the scales used in the current study were intended to be self-administered, many of the primary care givers were illiterate and so the scales had to be explained verbally and scored by the interviewer. While psychopathological assessment by the CBCL is a standardised and accepted way of quantification, it has the limitation of being based on the theoretical construct of the dimensional concept of psychopathology as derived by Achenbach. 21 In the clinical situation, a categorical diagnosis is more relevant as it may determine the threshold for intervention.
In a developing country setting, as elsewhere, seizure disorder in children is associated with considerable psychopathology. This psychopathology is associated with a complex interaction of seizures, socio-demographic, treatment related and family related variables. The current study found that belonging to an urban higher income group, having longer than 3 years duration of seizure disorder and receiving poly-therapy independently predicted psychopathology.
Further longitudinal follow-up studies are needed to explore psychopathology and its associated risk factors in children and adolescents with seizure disorder in developing countries. Future research might also beneficially address the development of a brief and simple scale to measure psychopathology in this group of children and adolescents.
Since urban domicile and belonging to a higher income group have been found to be strong predictors of psychopathology, the specific family patterns of functioning, communication and adaptation merit further exploration. The impact of seizure disorder and related psychopathology on the family also needs to be studied. Psychopathology in this group of children has multi-factorial associations and thus neurological, treatment and psychosocial factors need to be researched in the hope that evidence based effective interventions can be developed for seizure related psychopathology.
